Lagis crenulatus sp. nov., (Pectinariidae) is described based on specimens collected from an intertidal mudflat in an estuary of Hong Kong. The specimens are small, with a body length of 6.4 mm to 15.4 mm. Among a total of 10 described species of Lagis, L. crenulatus sp. nov., and L. abranchiata (Fauvel, 1932) are the only two without thoracic branchiae. Lagis crenulatus sp. nov., can be distinguished from L. abranchiata by having crenulated rather than knobbed margins in the scaphe, and lacking a pair of dorsal elongated pads on the third segment.
Introduction
Pectinariids are commonly found in soft-bottom samples around the world. They are a family of polychaetes with several unique morphological characteristics. They live in a cone-shaped sandy tube made by them, therefore are often called "ice-cream cone worms". Their first segment bears two bundles of stout golden chaetae (paleae) and a cephalic veil. Their posterior body section, the scaphe, bears spine-like chaetae forming an arch on both sides (Fauvel 1953; Ushakov 1955; Imajima & Hartman 1964; Day 1967) .
There has been some confusion in the generic designation in this family (Hartman 1941; Hutchings, 2000) . Hartman (1941) was unsure whether the species should be grouped into five genera or subgenera. Day (1967) and Holthe (1986) only recognized two genera, Petta Malmgren, 1866 and Pectinaria Savigny, 1818 , with the latter genus having four subgenera (Amphictene Savigny, 1818, Cistenides Malmgren, 1866, Lagis, and Pectinaria) . Fauchald (1977) , Wolf (1984) , and Hutchings and Peart (2002) did not accept the subgenera, and considered Amphictene, Cistenides, Lagis, Pectinaria, and Petta to be genera. Hutchings and Peart (2002) provided a table listing the major characters distinguishing the genera, which mainly include the smoothness of the dorsal opercular rim, smoothness of the cephalic veil and degree of attachment to the first segment, distinctness of the scaphe from the abdomen, number of biramous chaetigers, and number of rows of major teeth in uncini. This 5-genus taxonomic scheme is followed in the present study.
Lagis Malmgren, 1866 can be distinguished from other genera of Pectinariidae by having a smooth cephalic veil well-attached to the first segment, 12 biramous chaetigers, and uncini with at least two rows of teeth (Fauchald 1977; Hutchings & Peart 2002) . Nine species of Lagis have been described (Fig. 1) . The geographic distributions of most species of Lagis do not overlap. Although Hutchings and Peart (2002) pointed out that many of the morphological characters of Lagis exhibit ranges which makes it difficult for distinguishing species, one species, L. abranchiata (Fauvel, 1932) , lacks thoracic branchiae and is therefore clearly distinguishable from other congeners. In this paper we describe Lagis crenulatus as a new species similar to L. abranchiata in lacking thoracic branchiae but different in some other morphological characters as well as geographical distribution. 
Material and methods
Samples were collected from an intertidal mudflat of the Mai Po Inner Deep Bay Ramsar Site (22°30'N 114°02'E) in February 2009 and May 2010. The mudflat is situated in Deep Bay, which receives large amount of freshwater run off from the Pearl River to the West and from the Shenzhen River to the East. Salinity at the site exhibits strong seasonal variation, ranging from around 10 psu during June to September to around 25 psu during October to May. Sediment samplings were undertaken by pushing a hand-held corer (10 cm diameter) to a depth of 10 cm. Sediment cores retrieved were washed using a 0.5 mm mesh size sieve. Specimens were picked up from the residues retained on the mesh, fixed in 10% formalin in fresh water and later transferred to 70% ethanol. Specimens were observed under dissecting and compound microscopes, and scaled photographs of the body structures were taken using a Nikon Digital Sight DS-SM camera. Based on these photographs, line-drawings were made using Adobe Illustrator CS 4. Three paratypes were dehydrated with graded concentrations of ethanol, critical point dried using a BAL-TEC CPD 030 Critical Point Dryer, and observed under a LEO 1530 FESEM scanning electron microscope. Types are deposited in Institute of Oceanology, Chinese Academy of Science (IOCAS), Qingdao, China, and Australian Museum (AM), Sydney, Australia (Table 1) . Characters defined by Hutchings and Peart (2002) are used for describing the species. Description is mainly based on the holotype, with supplementary information from SEM micrographs in order to show the structural details of the chaetae, and measurements of some morphological characters in the paratypes to show their variations among the types. Etymology. The specific name crenulatus is derived from the Latin word crena, which describes the notched margins of the scaphe.
Results

FAMILY
Diagnosis. Rim of cephalic veil partially fused to operculum, with numerous short cirri. Raised operculum margin smooth. Chaetigerous/Uncinigerous formula 16/12. Thoracic branchiae absent. Notochaetae capillary of two types; long ones with numerous short hairs on one side from shaft to tip; short ones with numerous short hairs subdistally on one side of shaft and pectinated distally. Uncini with major teeth in 4 vertical rows. Scaphe with crenulated margins. Scaphal hooks curved with a sharp tip.
Description based on holotype. Tube conical, straight, friable, composed of sand grains held by yellowish cement (Fig. 2) . Length 12 mm, width 2.5 mm. Specimens in alcohol pale white. Body wall transparent with sediment contents inside gut clearly seen. Body short, conical, tapering towards scaphe. Length 11.8 mm, width 2.14 mm. Rim of cephalic veil with 14 short digitiform papillae (Fig. 3A) . Cephalic veil partially fused to operculum, funnel-shaped, surrounding peristomial palps. Peristomial palps numerous, grooved.
Opercular margin raised, smooth. Operculum with 11 pairs of golden paleae fan-shaped on each side, with middle ones longer than lateral ones (Figs 3A, 4A). Each palea pointed gradually, tapering to a fine rolled-in tip. First pair of tentacular cirri inserted on anterior edge of segment 1. Second pair of tentacular cirri arising from connecting ridge running across venter of segment 2. Anterior margin of connecting ridge incised, forming glandular lobes. Segment 2 without postero-dorsal lobe. Anteroventral edge of segments 3-5 slightly protruded forward to cover posterior part of previous segment. Segments 3-4 without branchiae. Midventral glandular patches present on segments 2-5. Segment 6 with a narrow, thin, slightly glandular anteroventral lobe with smooth anterior margin. Chaetigers 1-3 and chaetiger 16 with notopodia and notochaetae only. Chaetigers 4-15 biramous with notopodia and neuropodia. Notopodia and notochaetae of chaetigers 13 and 16 reduced in size compared to those of chaetigers 4-15. Notochaetae capillary of two types; long ones with numerous short hair on one side from shaft to tip; short ones with numerous short hair subdistally on one side of shaft and pectinated distally (Fig. 4B, C) . Neuropodia wedge-shaped, erect tori bearing numerous uncini. Uncini with major teeth arranged in four vertical rows, each row with 7-9 teeth (Fig. 4D, E) .
Scaphe formed by fusion of 5 posterior segments, distinctly separated from abdomen, longer than broad (Figs 3B, 4G). Scaphe with crenulated margins (Figs 3B, 4G, H) . Scaphal hooks 14 pairs, short, pointed, with curved tips (Fig. 4I) . Anal tongue oval, broader than long with smooth edge. Anal cirrus lacking.
Variation among type specimens. Several morphological parameters show variations among the type specimens (Table 1 ). The body length and width vary from 4.2 mm to 15.4 mm, and 1.0 mm to 2.3 mm, respectively. The number of cirri on the cephalic veil, the number of pairs of paleae, and the number of scaphal hooks ranges from 10-20, 10-15, and 9-14, respectively. Both body width and body length have significant positive correlation with two other morphological parameters (number of cirri on cephalic veil, number of pairs of paleae), but the correlation coefficient was higher for body width, probably due to more data available (Table 1) . Specifically, there was significant linear correlation between the body width (X1 in mm) or body length (X2) and the number of cirri on the cephalic veil (Y1) (Y1 = 3.66X1 + 7.75, r = 0.610, P = 0.0026, n = 22; Y1 = 0.69X2 + 8.20, r = 0.592, P = 0.0077, n = 19) or the number of pairs of paleae (Y2) (Y2 = 1.88X1 + 8.97, r = 0.606, P = 0.0028, n = 22; Y2 = 0.28X2 + 9.87, r = 0.458, P = 0.0497, n = 19). However, there was no significant correlation between the body size and the number of pairs of scaphal hooks (Y3) (Y3 = 1.37X1 + 8.15, r = 0.441, P = 0.0588, n = 19; Y3 = 0.22X2 + 8.70, r = 0.344, P = 0.1493, n = 19). 
Discussion
Although a global review of the genus has not been conducted and some of the characters used for distinguishing species have not been well-studied, L. crenulatus sp. nov., is distinct from all described species in the genus by a combination of characters. First, L. abranchiata and L. crenulatus are the only two species of Lagis that lack thoracic branchiae. All other species of Lagis have a pair of prominent branchiae on segments 3 and 4 respectively. The lack of branchiae is not an artifact of handling during or after collection. Some of the specimens were still in their tube before being extracted for observation and there were no wounds or scars on the positions corresponding to branchiae of the body wall in their congeners. Fauvel (1932) also stated that, for L. abranchiata, some of the specimens were "still enclosed in their tube, testifies to their integrity", supporting the lack of thoracic branchiae in that species is not an artifact. Second, although the type specimens of L. abranchiata were not available for loan and comparison with our specimens, Fauvel's description clearly shows that at least two characters distinguish L. abranchiata from L. crenulatus. The scaphal margins of L. abranchiata bear "short ovate knobs", but those of L. crenulatus are flat, crenulated and clearly not ovate. Lagis abranchiata has a pair of dorsal elongated pads on segment 3 but none of the type specimens of L. crenulatus have these structures. Furthermore, the reported localities of the two species are more than 4000 km apart, and are in different water bodies (Indian Ocean, South China Sea) separated by the land mass of Southeast Asia and known to have distinct marine faunal composition (Renema 1998) . Hutchings and Peart (2002) pointed out that it is difficult to distinguish the species of Lagis because many diagnostic characters, such as the number of cirri on the cephalic veil and the numbers of pairs of paleae and scaphal hooks, exhibit ranges. Our study of L. crenulatus sp. nov., has provided quantitative data to support this view because the variations are positively correlated with body size, with larger specimens having more cirri on the cephalic veil, and more paleae on the first segment. Therefore, a review of the ranges of these variations in different species of Lagis may help identify morphological characters that can be used to better distinguish them. Before such a review is available, however, based on literature search with an emphasis on the presence/absence a character or the shape of a structure, several characters appear useful for species identification in this genus. These characters include the presence/absence of thoracic branchiae, the relative smoothness of the scaphal margins, shape of ventral ridge of segment 2, the number of pairs of scaphal papillae, and the presence/absence and shape of the anal cirrus. Based on these morphological characters, a key to Lagis spp. is given. (Day, 1955) 
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